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Table 1 Baseline characteristics of all patients (groups 1 and 2)

Characteristic SVR (n = 58) Non-SVR (n = 20) p value®
Group 1 Group 2 Combined Group 1 Group 2 Combined
(n = 36) n =22 (n = 58) (n=17) (n=13) (n = 20)
Gender (male/female) 20/16 9/13 29/29 4/3 5/8 9/11 0.80"
Age (years) 50.0 + 12.5% 573 +£100 524 +121 550+097 59.8 + 6.4 58.14+7.8 0.058*
ALT (IU/1) 86.6 £ 866  71.2+504 8054742 529+ 29.3 88.1 £90.1 758 +75.5 0.81%
Platelet (x10%/mm?>) 20.8 + 6.2 190+52 201 +58 147 +71 19.1 =49 17.6 £+ 6.0 0.11%
Fibrosis score (0-2/>3)% 34/1 192 53/3 4/3 1172 15/5 0.0497
HCV RNA (KIU/ml) 760 340 550 1,300 1,400 1,300 0.002"
(2-3,100)**  (54-3,600)  (12-3,600)  (350-30,000)  (180-5,000)  (180-30,000)
IEN dose (>80%/60-80%)"  28/4 21/1 49/5 43 1172 15/5 0.127
Ribavirin dose 27/5 17/5 44/10 413 5/8 9/11 0.003"
(>80%/60-80%)"
RVR rate (%) 87.5 545 74.1 33.3 46.1 42.1 0.022F
EVR rate (%) 100 100 100 66.7 100 89.4 0.07

* Mean £+ SD; ** median (range); ¥ Fisher’s exact probability test; ¥ Student ¢ test; " Mann-Whitney’s U test; © p values between all SVR

(n = 58) versus all non-SVR (n = 20)

Several clinical characteristics listed above were unavailable in some patients. § SVR: n = 56 (35 in group 1, 21 in group2), non-SVR:
n =17 (7 in group 1, 10 in group 2); TSVR: n =54 (32 in group 1, 22 in group 2)
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Comparison of HCV sequence variation
between the SVR and non-SVR patients
at each amino acid position

Next, each amino acid position in the HCV ORF was
compared to detect any differences between the SVR and
non-SVR patients after determination of the consensus
sequence from all 78 patients. In Fig. 2a, the final differ-
ences of the two independent studies combined are shown
as dots demonstrating —log P values. As shown in the
figure, amino acid usage at amino acid 110 in the core
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region differed strikingly between the two groups

(p = SE—05). The site was detected in group 1 (p = 0.01)
and was validated in group 2 (p = 0.004) (Table 2), and
the final p value became remarkably high, making the
p value at this site most significantly low. Variations of aa
773 in p7, aa 2099 in the NS5A, and aa 3013 in NS5B were
also shown to differ significantly between the SVR and the
non-SVR patients when the two studies were combined;
however, they were not confirmed by one of the studies
(Table 2). Figure 2b shows the aligned sequences of amino
acids 1-120 of the core region. Substitutions at aa 110 from
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Fig. 2 a Different amino acid usages at each viral amino acid
position between the sustained viral responders (SVR) and the non-
sustained viral responders (non-SVR) patients. Amino acid variation
was determined between SVR and non-SVR patients by Fisher’s
exact probability test. The longitudinal axis shows the —log P value.
b Sequence alignment in the core region. Dashes indicate amino acids
identical to the consensus sequence and substituted amino acids are
shown by standard single letter codes. ¢ Sliding window analysis.

Viral regions affecting treatment outcomes are shown in dark spots.
There are four hot spots: at core amino acid 110, amino acids
400403 (i.e., the hypervariable region) in Envelope 2 (E2) region,
amino acids 724-743 in E2, and amino acids 2258-2306 in the
nonstructural (NS) 5A. d Sequence alignment amino acids in the
nonstructural (NS) SA around amino acids 2258-2306. Dashes
indicate amino acids identical to the consensus sequence and
substituted amino acids are shown by standard single lerter codes
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Fig. 2 continued

non-T (N/S) to T were significantly more frequent in SVR  to the viral response in genotype 2a infection, did not differ
(32/58, 55.2%) than in non-SVR (1/20, 3.6%, p = SE—05). significantly in our study. Amino acid 70 and 91, which
Amino acid 4, the site reported recently to vary according  have been reported to vary according to viral response to
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Table 2 Variations in each amino acid position and SVR rate
Position Group 1 (n = 43) p value Group 2 (n = 35) p value Combined (n = 78) p value
Core aa 110
T 100% (19/19) 0.01 92.9% (13/14) 0.004 97% (32/33) SE—05
Non T 70.8% (17/24) 42.9% (9/21) 57.8% (26/45)
p7 aa 773
v 77.4% (24/31) 0.16 53.6% (15/28) 0.03 66.1% (39/59) 0.002
Non V 100% (12/12) 100% (7/7) 100% (19/19)
NS5A aa 2099
R 92.9% (13/14) 0.40 91.7% (11/12) 0.01 92.3% (24/26) 0.01
Non R 79.3% (23/29) 47.8% (11/23) 65.4% (34/52)
NS5B aa 3013
L 78.9% (26/33) 0.17 47.8% (11/23) 0.01 66.1% (37/56) 0.008
Non L 100% (10/10) 91.7% (11/12) 95.5% (21/22)
Table 3 Number of amino acid substitutions in each region and SVR rate
Region Group 1 (n = 43) p value Group 2 (n = 35) p value Combined (n = 78) p value
E2 aa 400403
Mutation > 2 89.3% (25/28) 0.22 100% (11/11) 0.002 92.3% (36/39) 0.0005
Mutation 0-1 73.3% (11/15) 45.8% (11/24) 56.4% (22/39)
E2 aa 724-743
Mutation > 1 100% (28/28) 0.0002 72% (18/25) 0.12 86.8% (46/53) 0.0006
No mutation 53.3% (8/15) 40% (4/10) 48% (12/25)
ISDR(aa 2213-2248)
Mutation > 2 100% (15/15) 0.08 86.7% (13/15) 0.02 93.3% (28/30) 0.003
Mutation 0-1 75% (21/28) 45% (9/20) 62.5% (30/48)
NSS5A aa 2258-2306
Mutation > 5 100% (19/19) 0.01 84.2% (16/19) 0.006 92.1% (35/38) 0.0006

Mutation 04 70.8% (17/24)

37.5% (6/16)

57.5% (23/40)

PEG-IFN/RBV therapy in genotype 1b infection, were
conserved irrespective of the outcome.

Comparison of amino acid variation between the SVR
and non-SVR patients across HCV “regions” using
sliding window analysis

Figure 2c shows the combined result of sliding window
analysis for study groups 1 and 2. This approach was used
to detect differing HCV amino acid “regions”, rather than
single amino acid positions, between the SVR and the non-
SVR patients. According to the result, four regions were
notably associated with the final outcome (p values less
than 1/1,000). Core aa 110, detected as a single amino acid
position discriminating between the SVR and the non-SVR
patients, was also identified as one of these regions.
Because core aa 110 was already known for its strong

correlation with the response as above, the region was
excluded from further analysis. Among the other three
regions, only NS5A aa 2258-2306 showed significant
differences in the two independent study groups (Table 3).
Interestingly, the NS5A region overlapped the PKR-bind-
ing domain, which includes the IFN sensitivity determining
region (ISDR). Figure 2d shows the aligned sequences of
amino acids around 2258-2306 of HCV NSS5A. As with
previous studies, variations in the ISDR were also signifi-
cantly more frequent in SVR patients.

Multivariate analysis to detect independent factors
contributing to the SVR

Multivariate analysis revealed that variation of core aa

110, the total number of substitutions within NS5A aa
2258-2306, and total RBV dose >80% were finally
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Table 4 Multivariate logistic regression analysis

Factor Odds (95% CI)  p value
Age 1.01 (0.91-1.13) 0.85
HCV RNA 1.00 (1.00-1.00) 0.09

Fibrosis score 23/0-2

RVR achievement

Ribavirin dose >80%

Core aa 110 T

NS5A aa 2258-2306 mutations 0-4/25

2.37 (0.21-26.7) 048
3.46 (0.54-22.1) 0.19
16.0 (1.66-153)  0.02
24.7 (1.72-353)  0.02
11.5 (1.23-108)  0.03

100000 -
— ’ ’ :f;u'lo:;%
,, o !*
.l fellege
g ¢ ‘:i“t'. % 4
g "] ¢
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1 1] T 1 1 1
0 5 10 15 20 %
Number of mutations

In NS5A aa 2258 - 2306

Fig. 3 Correlation between pretreatment HCV RNA levels and the
number of substitutions in the NSS5A region aa 2258-2306. Spear-
man’s correlation coefficient by rank test is demonstrated

identified as the independent variables influencing the final
outcome (odds ratio 24.7, 11.5, and 16.0; p = 0.02, 0.03
and 0.02; Table 4).

Biological relevance of variation in core and NS5A
in this study group

To determine biological relevance of core aal10 and NS5A
aa2258-2306, we investigated their relationship with
clinical background factors. Multiple variations in the
NSS5SA region aa 2258-2306 were significantly related to
pretreatment HCV RNA titer (p = 9E—05, Fig. 3;
Table 5). Interestingly, variation of the core aall0 was
significantly associated with the patients’ age (p = 0.03,
Table 6).

Discussion
In this study, based on analysis of complete HCV-ORF

sequences and comparison of SVR and non-SVR patients
in two independent study groups, we have shown that

@ Springer

amino acid variations in the core and NS5A correlate most
significantly with the final outcome in the treatment for
genotype 2a chronic hepatitis C. The study is unique in that
the patients studied were all Japanese, excluding any effect
of racial differences and providing a clearer analysis of the
viral differences.

From the analysis of the characteristics of patients
infected with genotype 2a HCV, it was clear that most non-
SVR patients responded to the PEG-IFN/RBV therapy at
least transiently, given that most of these non-SVR patients
(89%) achieved EVR. This result demonstrated that most
non-SVR patients were relapsers, but were not null-
responders as observed frequently among genotype 1b
patients treated with PEG-IFN/RBYV therapy. Therefore, we
compared the different viral responses according to the
final outcome of SVR or non-SVR.

Variation of core aa 110 was identified as the single
amino acid residue most significantly related to the final
outcome (p = 5E—05). In recent studies of treatment of
genotype 1b infection with PEG-IFN/RBV, amino acid
variation in the core region was reported to be associated
with response. It is interesting that the core region was also
identified as a HCV gene associated with the response to
PEG-IFN/RBYV therapy of genotype 2a infection, although
the amino acid residues of core in genotype 1b were dif-
ferent, being aa 70 and aa 91. It is also interesting that
amino acids aa 70 and aa 91 are conserved as arginine and
leucine, respectively, in genotype 2a, as reported to be
associated with favorable PEG-IFN/RBV responses in
genotype 1b infection, consistent with the association with
a high SVR rate in genotype 2a infection. Very recently, a
correlation was reported between amino acid variations in
the core region and viral responses of genotype 2a HCV
infection [20]. Though the result seems discrepant from our
study, we suspect the inconsistent results were at least
partially attributable to the different groups used in com-
parison: we compared the difference between non-SVR
patients and SVR patients while they compared the dif-
ference between non-SVR and RVR patients.

In systemic searching for the viral “regions” associated
with the treatment outcome, NSS5A 2aa2258-2306 was
identified by two independent studies. Interestingly, the
region overlaps the PKR-binding domain (PKR-BD),
including the ISDR, in which the number of amino acid
substitutions is known to be related to the response to IFN-
based therapy in genotype 1b, and also in genotype 2a [17,
18]. Therefore, we also confirmed that total number of
substitutions in the ISDR and PKR-BD is significantly
associated with the final outcome in this group of patients
when the two studies were combined.

Some viral regions other than core and NSS5A also
showed the potential association with the final outcome.
Viral single amino acid substitutions of aa 773 in p7, aa
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Table 5 Baseline
characteristics of patients with
NSS5A aa 2258-2306 mutations
04 or 25 (groups 1 and 2)

* Mean & SD; T Fisher’s exact
probability test; ¥ Student ¢ test;
¥ mutation 04 n = 38,
mutation 25: n = 35; **
median (range); " Mann—
Whitney’s U test; “ mutation
0—4: n = 39, mutation 25:

n =35

Table 6 Baseline
characteristics of patients
with core 110 T or N/S
groups 1 and 2)

* Mean = SD; T Fisher’s exact
probability test; ¥ Student 7 test;
¥ core 110 T: n = 31, core 110
N/S: n = 42; ** median
(range), il Mann—Whitney’s

Characteristic Mutation 04 Mutation 2 5 p value
(n = 40) (n=138)
Gender (male/female) 22/18 16/22 NSt
Age (years) 54.3 £ 11.4% 535+ 11.5 NS¥
ALT AUN) 73.8 £ 70.3 85.3 & 787 Ns#
Platelet (x 10%/mm?) 18.0 £5.9 210+ 5.7 0.03%
Fibrosis score (()—2/33)§ 33/5 33/2 Nst
HCV RNA (KIU/ml) 1,100 (99-30,000)% 380 (12-5,000) 0.02"
IFN dose (>80%/60-80%)" 31/8 33/2 Ns'
Ribavirin dose (>80%/60-80%)" 25/14 28/7 NS’
RVR rate (%) 65.8 62.9 NSt
EVR rate (%) 94.7 100 NSt
Relapse rate (%) 35.9 7.9 0.0027
SVR rate (%) 575 92.1 0.0006"
Characteristic Core 110 T Core 110 N/S p value
(n =33) (n = 45)
Gender (male/female) 18/15 20/25 Ns'
Age (years) 50.4 + 13.0% 564 + 95 0.032%
ALT QU/) 64.5 + 48.2 88.8 + 86.2 Ns*
Platelet (x10*mm?>) 193 £ 49 19.5 + 6.6 NS*
Fibrosis score (0—2/23)§ 30/1 36/6 NST
HCV RNA (KIU/ml) 580 (54-3,600)%* 980 (12-30,000) Ns'
IFN dose (>80%/60-80%)" 26/3 38/7 NsT
Ribavirin dose (>80%/60-80%)" 23/6 30/15 NST
RVR rate (%) 72.4 59.1 NST
EVR rate (%) 100 95.5 NSt
Relapse rate (%) 3.0 38.6 9E—05"
SVR rate (%) 97.0 57.8 SE—05"

U test; “core 110 T: n = 29

2099 in the NS5A, and aa 3013 in NS5B, or viral regions in
El aa 400403 and in E2 aa 724-744 were more frequent
in SVR. However, because these were not extracted as
significant in one of the two studies when analyzed sepa-
rately, additional studies are needed to confirm the asso-
ciation with the final outcome. On the other hand, we could
not find an association with the final outcome and the
PePHD or IRRDR, including the V3 regions (data not
shown) reported 1b HCV infection [21, 22].

It is interesting that the variation of the core region
showed clear association with age. Younger patients with
core aa 110T showed favorable responses, while older
patients with core aa 110 non-T showed unfavorable
responses. It is possible that different response rates
according to the patients’ ages in genotype 2a infection
might have been related to the core substitutions, although
further study is needed. In NS5A, it was reported that the
variations within the PKR-binding region, including those

within the ISDR, can disrupt the NS5A-PKR interaction,
possibly rendering HCV sensitive to the antiviral effects of
IFN [23]. Clinically, the number of substitutions within the
region has been reported to correlate with the serum HCV
RNA level [12]. We also confirmed that the number of
substitutions within the NS5A aa 2258-2306 was signifi-
cantly associated with the pretreatment HCV RNA titers.
Multivariate analysis of the combined group of patients
showed that variation of core aa 110, NS5A aa 2258-2306,
and total RBV dose >80% were independent variables
associated with the final outcome (Table 4). The associa-
tion of RBV dose and HCV relapse rate was reported
previously [24] and that result was confirmed in this study.
On the other hand, the total PEG-IFN dosage was not
identified when it was administered at greater than 60% of
the initially scheduled amount. Indeed, when the drug
dosage was excluded, the strongest association was seen
in the viral elements of core and NS5A, revealing the
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importance of these two regions in the treatment of geno-
type 2a HCV infection with PEG-IFN/RBV therapy.

On the other hand, our study still has some limitations.
In recent studies, IL28B single nucleotide polymorphisms
were reported to be correlated significantly with the treat-
ment response in genotype 1b HCV infections [25, 26]. In
genotype 2a HCV infection, a correlation was also reported
to exist between the IL28B SNP and the treatment response
[27]. However, we could not investigate the association of
the IL28B single nucleotide polymorphisms in the treat-
ment response in genotype 2a HCV infections. In addition,
the number of analyzed patients was rather small, espe-
cially in non-SVR patients.

In conclusion, by comprehensive investigation of the
complete HCV ORF in patients showing different respon-
ses to PEG-IFN/RBV therapy, we have demonstrated that
amino acid variation in the core and NS5A are significantly
associated with the final outcome of treatment of genotype
2a chronic hepatitis C. Considering this result, determina-
tion of those HCV regions before treatment might provide
further benefits for the patients infected with genotype 2a
HCV.
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Pre-treatment prediction of response to pegylated-interferon
plus ribavirin for chronic hepatitis C using genetic polymorphism in
IL28B and viral factors
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Background & Aims: Pegylated interferon and ribavirin (PEG-
IFN/RBV) therapy for chronic hepatitis C virus (HCV) genotype 1
infection is effective in 50% of patients. Recent studies revealed
an association between the IL28B genotype and treatment
response. We aimed to develop a model for the pre-treatment
prediction of response using host and viral factors.

Methods: Data were collected from 496 patients with HCV geno-
type 1 treated with PEG-IFN/RBV at five hospitals and universities
in Japan. IL28B genotype and mutations in the core and IFN sen-
sitivity determining region (ISDR) of HCV were analyzed to pre-
dict response to therapy. The decision model was generated by
data mining analysis.

Results: The [L28B polymorphism correlated with early virologi-
cal response and predicted null virological response (NVR) (odds
ratio = 20.83, p <0.0001) and sustained virological response (SVR)
(odds ratio = 7.41, p <0.0001) independent of other covariates.
Mutations in the ISDR predicted relapse and SVR independent
of IL28B. The decision model revealed that patients with the
minor [L28B allele and low platelet counts had the highest NVR
(84%) and lowest SVR (7%), whereas those with the major IL28B
allele and mutations in the ISDR or high platelet counts had the
lowest NVR (0-17%) and highest SVR (61-90%). The model had
high reproducibility and predicted SVR with 78% specificity and
70% sensitivity.

Keywords: IL28B; ISDR; Peg-interferon; Ribavirin; Data mining; Decision tree.
Received 14 March 2010; received in revised form 22 June 2010; accepted 7 July 2010
= Corresponding author. Address: Division of Gastroenterology and Hepatology,
Musashino Red Cross Hospital, 1-26-1 Kyonan-cho, Musashino-shi, Tokyo 180-
8610, Japan. Tel.: +81 422 32 3111; fax: +81 422 32 9551.

E-mail address: nizumi@musashino.jrc.or.jp (N. [zumi).

Conclusions: The /L28B polymorphism and mutations in the ISDR
of HCV were significant pre-treatment predictors of response to
PEG-IFN/RBV. The decision model, including these host and viral
factors may support selection of optimum treatment strategy for
individual patients.

© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatitis C virus (HCV) infection is the leading cause of cirrhosis
and hepatocellular carcinoma worldwide [1]. The successful
eradication of HCV, defined as a sustained virological response
(SVR), is associated with a reduced risk of developing hepatocel-
lular carcinoma. Currently, pegylated interferon (PEG-IFN) plus
ribavirin (RBV) is the most effective standard of care for chronic
hepatitis C but the rate of SVR is around 50% in patients with
HCV genotype 1 [2,3], the most common genotype in Japan,
Europe, the United States, and many other countries. Moreover,
20-30% of patients with HCV genotype 1 have a null virological
response (NVR) to PEG-IFN/RBV therapy [4]. The most reliable
method for predicting the response is to monitor the early
decline of serum HCV-RNA levels during treatment [5] but there
is no established method for prediction before treatment.
Because PEG-IFN/RBV therapy is costly and often accompanied
by adverse effects such as flu-like symptoms, depression and
hematological abnormalities, pre-treatment predictions of those
patients who are unlikely to benefit from this regimen enables
ineffective treatment to be avoided.

Recently, it has been reported through a genome-wide associ-
ation study (GWAS) of patients with genotype 1 HCV that single
nucleotide polymorphisms (SNPs) located near the IL28B gene are
strongly associated with a response to PEG-IFN/RBV therapy in
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Table 1. Baseline characteristics of all patients, and patients assigned to the model building or validation groups.

All patients Model group Validation group

n =496 n =331 n=165
Gender: male 250 (50%) 170 (51%) 80 (48%)
Age (years) 571299 56.8+9.7 575+ 10.2
ALT (JU/L) 78.6+60.8 78.1+614 79.7 £+ 539.6
GGT (IUL) 59.3+63.6 58.9+62.0 60.2 £ 66.9
Platelets (10%L) 154 + 53 153+ 52 154 + 56
Fibrosis: F3-4 121 (24%) 80 (24%) 41 (25%)
HCV-RNA: >600,000 {U/mi 409 (82%) 273 (82%) 136 (82%)

ISDR mutation: <1
Core 70 (Arg/Gin or His)

Core 91 (Leu/Met)
/L28B: Minor allele

220 (88%)
293 (59%)/203 (41%)
299 (60%)/197 (40%)
151 (30%)

SVR 194 (39%)
Relapse 152 (31%)
NVR 150 (30%)

290 (88%) 145 (88%)

197 (60%)/134 (40%) 96 (58%)/69 (42%)
200 (60%)/131 (40%) 99 (80%)/66 (40%)
101 (31%) 50 (30%)
129 (39%) 65 (39%)
103 (31%) 49 (30%)
99 (30%) 51 (31%)

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Arg, arginine; Gln, glutamine; His, histidine; Leu, leucine;
Met, methionine; Minor, heterozygote or homozygote of minor allele; SVR, sustained virological response; NVR, null virological response.

Japanese [6], European [7], and a multi-ethnic population [8,9].
The last three studies focused on the association of SNPs in the
IL28B region with SVR [7-9] but we found a stronger association
with NVR [6]. In addition to these host genetic factors, we have
reported that mutations within a stretch of 40 amino acids in
the NS5A region of HCV, designated as the IFN sensitivity deter-
mining region (ISDR), are closely associated with the virological
response to IFN therapy: a lower number of mutations is associ-
ated with treatment failure [10-13]. Amino acid substitutions at
positions 70 and 91 of the HCV core region (Core70, Core91) also
have been reported to be associated with response to PEG-IFN/
RBV therapy: glutamine (GIn) or histidine (His) at Core70 and
methionine (Met) at Core91 are associated with treatment resis-
tance [4,14]. The importance of substitutions in the HCV core and
ISDR was confirmed recently by a Japanese multicenter study
[15]. How these viral factors contribute to response to therapy
is yet to be determined. For general application in clinical prac-
tice, host genetic factors and viral factors should be considered
together.

Data mining analysis is a family of non-parametric regression
methods for predictive modeling. Software is used to automati-
cally explore the data to search for optimal split variables and
to build a decision tree structure [16]. The major advantage of
decision tree analysis over logistic regression analysis is that
the results of the analysis are presented in the form of flow chart,
which can be interpreted intuitively and readily made available
for use in clinical practice [17]. The decision tree analysis has
been utilized to define prognostic factors in various diseases
[18-25]. We have reported recently its usefulness for the predic-
tion of an early virological response (undetectable HCV-RNA
within 12 weeks of therapy) to PEG-IFN/RBV therapy in chronic
hepatitis C [26].

This study aimed to define the pre-treatment prediction of
response to PEG-IFN/RBV therapy through the integrated analysis
of host factors, such as the IL28B genetic polymorphism and var-
ious clinical covariates, as well as viral factors, such as mutations
in the HCV core and ISDR and serum HCV-RNA load. In addition,

for the general application of these results in clinical practice,
decision models for the pre-treatment prediction of response
were determined by data mining analysis.

Materials and methods
Patients

This was a multicentre retrospective study supported by the Japanese Ministry of
Health, Labor and Welfare. Data were collected from a total of 496 chronic hep-
atitis C patients who were treated with PEG-IFN alpha and RBV at five hospitals
and universities throughout Japan. Of these, 98 patients also were included in
the original GWAS analysis [6]. The inclusion criteria in this study were as follows
(1) infection by genotype 1b, (2) lack of co-infection with hepatitis B virus or
human immunodeficiency virus, (3) lack of other causes of liver disease, such
as autoimmune hepatitis, and primary biliary cirrhosis, (4) completion of at least
24 weeks of therapy, (5) adherence of more than 80% to the planned dose of PEG-
IFN and RBV for the NVR patients, (6) availability of DNA for the analysis of the
genetic polymorphism of [L28B, and (7) availability of serum for the determina-
tion of mutations in the ISDR and substitutions of Core70 and Core91 of HCV.
Patients received PEG-IFN alpha-2a (180 pg) or 2b (1.5 pg/kg) subcutaneously
every week and were administered a weight adjusted dose of RBV (600 mg
for <60 kg, 800 mg for 60-80 kg, and 1000 mg for >80 kg daily) which is the rec-
ommended dosage in Japan. Written informed consent was obtained from each
patient and the study protocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the institutional ethics review committee,
The baseline characteristics are listed in Table 1. For the data mining analysis, 67%
of the patients (331 patients) were assigned randomly to the model building
group and 33% (165 patients) to the validation group. There were no significant
differences in the clinical backgrounds between these two groups.

Laboratory and histological tests

Blood samples were obtained before therapy and were analyzed for hematologic
tests and for blood chemistry and HCV-RNA. Sequences of ISDR and the core
region of HCV were determined by direct sequencing after amplification by
reverse-transcription and polymerase chain reaction as reported previously
(4,11]. Genetic polymorphism in one tagging SNP located near the /L28B gene
(rs8099917) was determined by the GWAS or DigiTag2 assay [27]. Homozygosity
(GG) or heterozygosity (TG) of the minor sequence was defined as having the
11288 minor allele, whereas homozygosity for the major sequence (TT) was
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